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Abstract 
Nowadays, manufacturing companies offer an increasing amount of product variants. Especially in B2B markets, product variety 
is taken for granted. Hence, existing variety management approaches focus exclusively on the variety implications. Certain 
approaches consider customer benefit when evaluating potential product variants. However, a targeted decision-making approach 
for adapting the variant quantity regarding the customer value does not exist. In this paper, a method is presented that accounts 
for changes in customer value as a function of the number of product variants offered. Thus, attributes that influence the 
customer value are identified and linked to the product variant quantity. 
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1. Introduction 
In the present era, manufacturing companies are facing 
arising challenges due to increasing globalization, higher 
competition pressure and shorter product lifecycles. In order 
to cope with these challenges and to achieve competitive 
advantages, companies map the more heterogeneous customer 
requirements onto their product portfolio by offering an 
increasing amount of product variants. Since this extensive 
amount of product variants is taken for granted in B2B 
markets, the rapid increase in the variant quantity applies 
especially for B2B companies. According to this, companies 
are trying to fulfill customer demands despite low sales 
quantities and regardless of the resulting higher internal 
complexity and process variance [1, 2, 3]. Consequently, 
companies try to satisfy customer requirements at any price 
rather than offering fewer, preferable product variants to 
customers which would cause much less internal effort [4]. 
The arising internal complexity, due to the variety of 
products and parts, leads to significant repercussions for 
manufacturing companies along the value-adding chain. In 
this context one crucial challenge is the disproportional 
increase in costs, also known as complexity costs [3]. Many 
companies are facing problems regarding the assignment of 
complexity costs to specific product variants which lead to a 
competitive disadvantage due to a cross-subsidization of 
exotic variants by standard variants. Therefore, the prices for 
the exotic variants are not increasing proportionally to their 
costs and the prices for the entire product range are increasing 
to cover the company’s expenses. This leads to a competitive 
disadvantage concerning standard product variants, because 
competitors with a more effective cost assignment or less 
individualized product variants can offer standard variants at 
lower prices. Hence, the targeted competitive advantages 
through product variety are not achieved [5]. 
Fulfilling customer requirements at any price and, thus, 
increasing product variety, is based on the fear of customer 
movement and the assumption that external drivers for variety 
are not able to be influenced [6]. Thus, the optimization of the 
number of product variants offered is often neglected in 
manufacturing companies within the B2B market. Existing 
approaches address this optimization, but solely from a 
supplier’s point of view, and hence, the focus is exclusively 
on its profitability. However, in order to cope with the number 
of product variants, the product portfolio offered must be 
optimized regarding customer value. The number of similar 
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product variants is equivalent to the product portfolio depth. 
Since the customer value is dependent on the supplier’s costs, 
the optimum variety in terms of a sustainable profitability is 
achievable at a high customer value [3]. Thus, delivering 
significant customer value leads to a long-term, strategic and 
profitable competitive advantage [7, 8]. This paper addresses 
the determination of a customer value-optimized number of 
product variants and delivers a new approach for the 
adjustment of the product variant quantity based on an 
investigation of customer value influencing attributes. 
The paper is organized as follows: After having presented 
the motivation in this section, section 2 gives an overview of 
relevant aspects of the B2B market and the customer value. 
Section 3 serves for the introduction of the related work and 
for the definition of the research gap. In section 4 the method 
for the determination of a customer value-optimized product 
portfolio depth and the results of a case study are provided. 
Finally, the conclusions of this paper are depicted in section 5. 
2. Basic information and definitions 
In the following paragraphs, vital fundamentals of B2B 
market distinctions and the customer value definition are 
provided in order to achieve a consistent understanding. 
2.1. Important B2B market distinctions 
B2B markets differ from B2C markets in the market 
structure and demand, the nature of the bought unit, the types 
of decisions and the purchase decision process itself. In 
addition, the arising demand in B2B markets is mostly 
derived from the demand for consumer goods. At this, the 
total demand within the B2B market is not significantly 
affected by price changes since companies of the B2C market 
do not adjust their production volume to material prices. 
Moreover, the joint work between supplier and customer is 
more intense in B2B markets [9, 10]. Technology is the main 
driver for the development of individual products and 
customers in B2B markets make decisions mostly based on 
organizational needs and objective criteria. Moreover, the 
development of B2B market products is mostly characterized 
by a steady technical improvement [11]. However, completely 
new releases and newly developed technologies are rare and 
cannot be considered as a continuous development. 
Furthermore, the prices are calculated differently than in B2C 
markets. Especially in the machinery and plant engineering 
area, pricing is based on the cost-plus method. This means 
that a certain profit margin is added to the product costs in 
order to determine the product price. In conclusion, adequate 
methods for pricing are rarely used in B2B markets [12, 13]. 
2.2. Definition of customer value 
The term “value” is a central marketing concept which is 
primarily a combination of quality, service and price. It is 
assumed that the customer chooses the product which delivers 
the highest value as the sum of tangible as well as intangible 
benefits and costs [14]. In general, various concepts and 
definitions of the term “customer value” exist. In order to 
operationalize the customer value, many concepts are 
associated with benefits and sacrifice. Here, benefit is related 
to the utility of the purchased product and sacrifice is mostly 
related to the product price and the customer’s effort for 
selecting and purchasing the right product [15]. In various 
concepts, mainly two approaches for the calculation of 
customer value are applied. Either the customer value is 
calculated as the ratio of benefits and sacrifices or as the 
difference between benefits and sacrifice [16]. For this paper, 
the calculation of customer value is following the second 
approach: customer value is equal to customer benefit minus 
sacrifice. 
3. Related work 
Approaches of product portfolio planning and management 
of variety address the design of the product portfolio. At this, 
occurring effects on the customer value dependent on the 
number of product variants offered are not considered. The 
basic approaches for the product variety optimization are 
mostly equivalent. The optimization can be executed by 
applying a retrospective sales volume analysis or by 
structuring the product in a way to realize the demanded 
variety more efficiently [6]. Here, the optimization of the 
number of product variants offered refers mainly to the 
suppliers’ profitability by facing the external complexity with 
a minimal internal complexity [3, 6, 17]. Certain approaches 
integrate the customer benefit using either the principles of 
Conjoint-Analysis or Multidimensional Scaling in order to 
evaluate possible new variants [3, 6]. Consequently, the 
optimum number of product variants regarding customer 
value is not determinable with existing approaches. For a 
holistic product variant or product portfolio planning, the 
determination of a customer value-oriented portfolio is vital 
for the profit maximization and therefore ensures a business’s 
sustainable existence. The solitary consideration of 
profitability may not deliver sustainable competitive 
advantages because the intrinsic customers’ needs are 
neglected. As a result, a significant need for research 
regarding the determination of a customer value-optimized 
product portfolio exists. 
4. Determination of a customer value-oriented product 
portfolio 
This section provides the development of the method as 
well as the method itself. First, customer value influencing 
attributes are identified. Based on this, requirements on the 
method are introduced and the developed method is 
explained. In the end, a case study is provided. The approach 
is based on a qualitative evaluation of the customer value 
influencing attributes and serves for a rough classification of 
the customer value optimal number of products.  
4.1. Identifying customer value influencing attributes 
For the determination of customer value influencing 
attributes, various studies of the customer value research were 
investigated. The relevant results of this investigation are 
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based mainly on six studies. It needs to be emphasized that 
several other studies, which are not presented in this paper, 
found the same customer value influencing attributes. Within 
the six chosen studies, 23 customer value influencing 
attributes were identified [18, 19, 20, 21, 22, 23]. 
Since the terminologies among the different studies vary, 
the expressions which depicted equivalent correlations were 
re-defined in order to prevent ambiguities. Tab. 1 illustrates 
an excerpt of the findings. Here, the correlation in the second 
column is depicted with a “+” if the customer value is rising 
for an increase in the attribute characteristic, otherwise it is 
depicted with a “-“. If an attribute characteristic is dependent 
on the variant quantity, the third column shows a “yes”, 
otherwise it shows a “no”. In this context, the characteristic of 
an attribute represents the value of an attribute. 
Table 1: Excerpt of the customer value research investigation 
Customer Value 
Influencing Attribute 
Customer Value 
Correlation 
Dependent on 
Variant Quantity 
Authors 
Price - yes 
Kumar et al., Lapierre, 
Menon et al. 
Product Quality + yes 
Kumar et al., Menon et 
al., Woodall 
Trust + no Menon et al. 
 
Out of the 23 customer value influencing attributes, seven 
attributes are negatively correlated with customer value and 
the other 16 attributes are positively correlated. However, the 
positively related attributes also have negative impacts on 
customer value which is not considered in the investigated 
studies for the most part. For instance, on the one hand, an 
increase in product quality increases customer value, but on 
the other hand also results in an increase in the product price 
due to rising supplier’s costs. The increase of product prices 
influences the customer value negatively in turn. 
In total, eight customer value influencing attributes were 
determined which are dependent on the product variant 
quantity: “Complexity”, “Customer Expertise”, “Customer 
Focus”, “Effort”, “Innovativeness”, “Price”, “Product 
Quality” and “Supplier Flexibility”. The attributes’ specific 
dependence is explained exemplarily in the following. 
Attributes such as “Trust”, for example, are not dependent on 
the number of product variants offered since influencing their 
characteristics relies on other factors like supplier reliability 
or period of supplier’s existence. As a result, for those 
attributes a direct dependency could not be assessed. In 
contrast, the dependence of “Supplier Flexibility” and 
“Product Quality” on the number of product variants offered 
is provable. With an increase in product variants the supplier 
flexibility as well as the product quality is decreasing [17].  
4.2. Requirements for the method 
After eight relevant customer value influencing attributes 
were determined, this section provides the derivation of the 
customer value optimum number of product variants. Since 
the methodology addresses the optimization of the product 
portfolio depth, those attributes, which only optimize 
customer value if the number of product variants is low, are 
not considered. This applies for the attributes “Complexity”, 
“Effort” and “Price”. The dependence of the remaining five 
attributes’ characteristics on the number of product variants 
offered and their correlation with customer benefit, sacrifice 
and customer value are elucidated on a qualitative basis. In 
the following paragraphs, the findings for the attributes are 
explained as they have been developed in the context of this 
research approach. Therefore, the findings should be 
considered as representative values and not as absolute values. 
The procedure has to be applied to each of the five 
attributes and is depicted exemplarily for the attribute 
“Product Quality” in the following paragraphs. In Fig. 1 the 
dependency of product quality on the number of variants 
offered is illustrated as it has been qualitatively derived from 
the research investigation. The “100 %” on the quantity scale 
can be described as the number of technical and practical 
sensible product variants. 
 
Figure 1: Dependency of product quality on the number of variants 
The graph refers to the average quality of all offered 
product variants as it has been derived by the results of the 
research investigation. Furthermore, the following aspects are 
made under the assumption that the profitability remains on 
an equal level. The highest product quality can be achieved 
when only a single variant is produced in high series (cf. point 
A). This is associated with the company’s capability to 
standardize production processes which allows a facilitated 
optimization of those processes and, consequently, an 
increasing process quality. In the best case, companies can 
automatize the production which leads to a failure reduction. 
Furthermore, for a low number of product variants, learning 
effects arise due to an increased production quantity of each 
product variant offered. This also supports the product quality 
due to an improved process quality [24, 25]. The average 
quality is decreasing for every product feature specification 
that is offered due to the fact that, by trend, a new 
specification has a worse reproducibility as an established one 
(cf. point B). In addition, the approximation of the maturity 
phase of a new specification results in initial expenditures for 
every product feature variation. In the end, the total product 
quality for a high number of offered variants tends to a certain 
value because a minimum quality always exists (cf. point C). 
It must be emphasized that in some cases a variation of one 
product feature specification implies a variation of another 
product feature specification. For instance, ordering a car with 
high
low
P
ro
du
ct
 Q
ua
lit
y
# Variants 100%> 0%
A
B
C
85 Eric Rebentisch et al. /  Procedia CIRP  50 ( 2016 )  82 – 87 
a more powerful engine might also cause the necessity for 
another transmission. 
As pointed out before, the requirement “Product Quality” 
has to be linked to customer value, and hence, with the benefit 
and sacrifice. Subsequently, as previously explained in section 
2.2, the customer value is derived through subtracting 
sacrifice from benefit. Therefore, Fig. 2 depicts the benefit, 
sacrifice and customer value as a function of product quality. 
 
Figure 2: Dependency of customer value on the product quality 
In the B2B market a product can only gain benefit for the 
customer if the required specifications are fulfilled, because 
only in this case the customer is able to use the product as 
intended. As a consequence, the benefit for this case is fairly 
high (cf. point A). If the required product quality is not 
fulfilled, the benefit of the product is not given (cf. point B). 
For instance, if a shaft producer delivers shafts which are not 
manufactured within the defined tolerances, the further 
utilization of the product by the customer can not be ensured. 
This results in delays and higher costs as well as a negative 
affection of the customer’s production. This situation does not 
gain any benefit but can end in significant disadvantages for 
the customer. So the customer only has a benefit if the 
product quality is within the defined tolerances. Hence, a 
higher quality may, but does not necessarily, increase the 
benefit (cf. point C). Accordingly, the graph only depicts a 
significant benefit for a fairly high product quality. The 
customers’ sacrifice caused by the product quality is mostly 
related to the product’s price. As previously mentioned, in 
B2B markets, companies derive the prices by adding a certain 
margin to the costs. Low product quality results in significant 
failure costs, and thus, in an increased average price (cf. point 
D). In turn, high product quality leads to significant failure 
prevention and appraisal costs, and hence, to high product 
prices (cf. point E) [26]. Thus, by implication, the price curve 
of product quality follows an upwards-opened parabola. The 
customer value curve is derived from the difference between 
the benefit and the sacrifice curve (cf. point F). Consequently, 
the highest customer value is achievable at the same product 
quality abscissa as the abscissa of benefit at point A. 
In order to deduce the customer value optimal number of 
product variants, this number must be determined for each of 
the five customer value influencing attributes. Fig. 3 
illustrates the procedure graphically for the attribute “Product 
Quality”. For that purpose, Fig. 1 and Fig. 2 are merged in 
Fig. 3. Fig. 2 was rotated by 90° counterclockwise and is 
located on the left side of Fig. 3, whereas Fig. 1 is located on 
the right side. 
 
Figure 3: Determination of the customer value-optimized product 
variant quantity for the requirement “Product Quality” 
The procedure is divided into three steps. First, the 
maximum and the minimum of customer value dependent on 
the attribute are identified (cf. point 1.). Second, the 
corresponding points of the maximum and minimum in the 
#Variants-Attribute-graph are determined. The point of 
intersection for the customer value minimum of product 
quality is illustrated through the dashed line. For the 
maximum, the point of intersection is illustrated through the 
continuous line (cf. point 2.). Third, the number of variants 
for the minimum and maximum of customer value are 
represented by the points of intersections at the abscissa. The 
customer value minimum is gained for a very low number of 
variants and the customer value maximum can be achieved for 
approximately one third of all possible variants. Thus, the 
optimum is in the bottom half of the variant quantity-scale (cf. 
point 3.). The range between the vertical lines is the quantity-
range in which customer value is achievable.  
As stated before, the procedure has been explained at the 
example of the attribute “Product Quality”, but has to be 
applied for all five attributes in order to determine the specific 
customer value maximum and variant quantity range. The 
corresponding results of this procedure for each attribute are 
illustrated in Fig. 4. 
 
Figure 4: Requirements' customer value range and maximum 
For the attributes “Customer Focus”, “Customer Expertise” 
and “Innovation Capacity”, the variant quantity in which 
customer value is achievable ranges from one product variant 
to all possibly sensible variants. For the attribute “Product 
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Quality”, the range is in the lower quarter of all possible 
sensible variants, although a very low quantity does not gain 
any customer value. The requirement “Supplier Flexibility” 
creates customer value within the lower half of the quantity 
axis. All maxima are located within a quantity range between 
a quarter and the half of all product variants. The attributes 
“Product Quality” and “Supplier Flexibility” gain the 
maximum customer value approximately for the same number 
of product variants. Furthermore, these two attributes restrict 
the product variant quantity range significantly. As explained, 
especially in B2B markets, customers rely on an appropriate 
quality in order to keep their production schedule on track. 
Additionally, the supplier flexibility is a vital enabler for the 
customer’s production. Furthermore, “Product Quality” and 
“Supplier Flexibility” were identified as the most important 
buying attributes within a study in the B2B market [27]. 
The maximum customer value for all requirements is 
located in the lower half of the quantity axis and, as a result, 
very close to the product quality’s and supplier flexibility’s 
customer value optimum number of variants. Therefore, the 
target range for the number of variants which should be 
offered in order to achieve a high customer value is limited to 
the range illustrated in Fig. 5. This range is defined by 
merging the attribute specific customer value ranges. 
 
Figure 5: Target range and optimum for customer value achievement 
As previously mentioned, the findings are based on the 
qualitative evaluation of the customer value influencing 
attributes. The optimum number of variants that should be 
offered in order to maximize customer value according to this 
approach is close to 30 % of the total number of technical 
sensible variants. The position complies with the optimal 
number of the attributes “Product Quality” and “Supplier 
Flexibility” since those are the most important buying 
attributes. The target range has a scale of 20 % and is located 
approximately between 22 % and 42 %. The target range 
includes the optimum number of variants for all attributes. 
Thus, the target range is on a larger scale than the customer 
value of the attribute “Product Quality”. But since the 
findings are qualitative, the slight expansion of the target 
range turns out to be reasonable. It should be considered, that 
the precise variant number could be influenced by the 
conditions, e.g. industry sectors, in which the method is 
applied. Additionally, the precise range of the customer value 
for each attribute could vary depending on its importance, 
which could be detailed in further research activities. 
4.3. Method for the determination of a customer value-
oriented product portfolio 
In order to achieve a customer value optimized portfolio 
depth, two main steps must be conducted. The first step of the 
method targets the classification of the variants on the 
quantity scale. As mentioned earlier, the “100 %” on the 
quantity scale can be described as the number of technical and 
practical sensible variants. After deriving all demanded 
variants based on the customer requirements, the technically 
and practically sensible variants are determinable through the 
variant elimination. The company-specific variant quantity 
can be determined by dividing the number of variants through 
the technical and practical sensible variants. This enables the 
visualization on the axis and, as a consequence, a basis for 
assessment regarding the optimal customer value. 
In the second step, recommendations of actions are derived 
which serve as an enabler for a company to achieve the 
optimal variant quantity. In the first and most likely case, a 
position above the optimum, the number of variants must be 
reduced, e.g. by applying generic variety management 
approaches (see section 3) [1]. This elimination has to be 
conducted under consideration of the revenue. In the second 
and typically rare case, a position below the optimal variant 
quantity, product variants need to be added to the portfolio. At 
this, product portfolio planning as well as variety management 
approaches are adequate. In the last and unlikely case, a 
variant quantity position very close to the optimum, 
companies should tap their potentials, e.g. decrease costs 
through production process optimization. The achieved results 
should be examined, e.g. by applying an iteration loop. In 
general, it has to be considered that the reduction of variants 
is an elaborate procedure. Therefore, the presented method 
serves as a guideline for the reduction in the context of an 
overall customer value optimization of the variants. 
4.4. Case study 
The method has been applied to a company of the 
machinery and plant engineering with more than 1,000 
employees. This application provides a first validation of the 
method based on real data of a machining center. Further, 
necessary activities to improve the application are explained 
at the end of this section. 
The total number of technical and practical sensible 
variants was determined to be 118 (100 %). The company 
offered 103 (87 %) variants. Following the previous section, 
the optimal number of variants is 35 (30 %ሻǤ Thus, 68 variants 
were eliminated. The elimination was based on a variant-
specific revenue investigation. The remaining 35 variants 
contributed to the initial revenue with 83,81 % (see Fig. 6). 
 
Figure 6: Case study: variant quantity optimization 
The reduced number of variants enables the realization of 
potential advantages. Exemplary advantages are an increased 
market share for the remaining products, a long-term cost 
reduction and a more focused improvement of the remaining 
variants. However, the method has a few limitations regarding 
the application in the industry. For instance, in order to 
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identify the right 30 % of variants that should be offered, it 
needs to be determined which variants deliver the highest 
customer value itself. After identifying those variants, a 
comparison with the result of the revenue analysis need to be 
conducted to ensure a reasonable optimization. In general, 
companies which plan to apply the presented approach need 
to adapt it to the specific situation and should integrate it into 
the existing portfolio planning methods. A supporting step to 
realize the potential in the industry is to develop an analysis 
tool which enables to consider company specific scenarios. 
In a further step regarding the future research activity, the 
qualitative graphs of the customer value influencing attributes 
must be modeled mathematically for quantitative results, and 
thus, a more precise application of the method. This would 
also contribute to the previously mentioned analysis tool. 
5. Conclusion 
The developed method enables companies to determine a 
customer value-optimized number of product variants. 
Therefore five customer value influencing attributes have 
been identified based on an extensive literature review. For 
each of these attributes the optimal number of variants has 
been qualitatively determined. By merging the five attribute 
specific optimal number of variants, the overall optimal 
number of variants can be derived. These findings have been 
used to develop a method for systematic determination of 
customer value optimized product portfolio depth. First, the 
company’s number of existing product variants is classified 
on the quantity scale. The results of this step are compared to 
the optimal number of variants. Based on the findings, three 
possible cases can occur which require specific actions to 
optimize the company’s current variants. Finally, the 
application of the method has been validated with real 
company data. 
In conclusion, the method contributes an important 
component for a holistic optimization of the number of 
product variants that should be offered by companies of the 
B2B market. In this context it should be considered that the 
determination of the number of existing variants might be 
challenging for many businesses of the B2B market. 
Furthermore, it must be ensured that the elimination of 
variants does not result in a significant revenue decrease. 
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